BITA grafting can be routinely used in octogenarians with atherosclerotic ascending aorta without an increase in hospital mortality or major adverse cardiac and cerebrovascular complications. However, there is an increased risk of sternal wound infection without a demonstrable long-term benefit.
Introduction
Several investigators are showing that using bilateral internal thoracic artery (BITA) grafting for myocardial revascularization may give long-term survival benefits compared with single internal thoracic artery (SITA) (and saphenous vein) grafting [1] [2] [3] . This is a minor issue for the elderly whose life expectancy is limited and the operative risk is high by definition due to the advanced heart disease usually combined with severe comorbidities [4] [5] [6] [7] [8] . Therefore, the use of BITA grafting in very elderly patients could sound as an unnecessarily risky operation, and different age cutoffs for the loss of benefits from BITA have been proposed along the years [9] [10] [11] [12] . Actually, the use of BITA grafting enhances a few of technical options that may reduce or avoid aortic manipulation in the presence of an atherosclerotic ascending aorta [13] [14] [15] . Thus, BITA grafting could be a reasonable choice even in the octogenarians.
In the present study, the authors have reviewed retrospectively their 15-year experience in routine BITA grafting. The aim of the study was to analyze early and late outcomes of the use of BITA grafts in octogenarians and try to address a balance between the known better patency of these conduits, the increased technical issues related to their use and the potential adverse events in this cohort.
Abstract
The use of bilateral internal thoracic artery (BITA) grafting for myocardial revascularization is usually discouraged in the very elderly because of increased risk of perioperative complications. The aim of the study was to analyze early and late outcomes of BITA grafting in octogenarians. From January 1999 throughout February 2014, 236 consecutive octogenarians with multivessel coronary artery disease underwent primary isolated coronary bypass surgery at the authors' institution. Six of these patients underwent emergency surgery and were excluded from this retrospective study; consequently, 135 BITA patients were compared with 95 single internal thoracic artery (SITA) patients according to early and late outcomes. Between BITA and SITA patients, there was no significant difference in the operative risk (EuroSCORE II: 8 ± 7.7 vs. 7.6 ± 6.1 %, p = 0.65). There was a lower aortic manipulation in BITA patients. Hospital mortality (3 vs. 4.2 %, p = 0.44) and perioperative complications were similar except that only BITA patients experienced sternal wound infection (5.2 %, p = 0.022). The mean follow-up was 4.7 ± 3.3 years. There were no differences between the two groups in overall survival (p = 0.79), freedom from cardiac and cerebrovascular deaths (p = 0.73), major adverse cardiac and cerebrovascular events (p = 0.63) and heart failure hospital readmission (p = 0.64). Predictors of decreased late survival were diabetes (p = 0.0062) and congestive heart failure (p = 0.0004).
Patients and methods

Study patients
From January 1, 1999, throughout February 2014, 4038 consecutive patients with multivessel coronary artery disease underwent primary isolated coronary bypass surgery at the present authors' institution. Among these patients, 236 (5.8 %) were octogenarians and were candidates either for left-sided BITA or SITA grafting exclusively according to coronary anatomy and disease, without any other preoperative selection. Six of these patients underwent emergency surgery (SITA grafting) and were excluded from this retrospective study. Consequently, BITA and SITA graftings were performed in 135 and 95 of the remaining patients, respectively. The two groups were compared according to preoperative risk profiles, operative data, hospital mortality, perioperative complications and late outcomes.
To evaluate the suitability of both internal thoracic arteries (ITAs) to be used as coronary grafts, all patients had undergone bilateral selective angiography of the subclavian artery during preoperative coronary angiography.
Definitions
Unless otherwise stated, definitions of preoperative clinical variables were those employed for the European System for Cardiac Operative Risk Evaluation II (EuroSCORE II) [16] . Poor preoperative glycemic control was defined as basal serum glucose >200 mg/dl at three consecutive measurements before surgery. Atherosclerotic ascending aorta was demonstrated by epiaortic ultrasonography scan, which was performed in every patient with a 7.5-MHz probe enveloped in a sterile plastic sleeve and a Sonos 2000 machine (Hewlett Packard Co, Andover, MA, USA) as soon as the pericardium was opened. Images were interpreted by the surgeon and recorded for off-line analysis. Scan data were coded in the divisional database as: 1 = normal, 2 = uniform thickening 1-3 mm, 3 = plaques ≥4 mm and 4 = protruding ulcerated atheromas of any size with or without mobile components. Codes were inputted separately for each of 12 aortic segments obtained by dividing the aorta in proximal, middle and distal quadrants. The ascending aorta was defined as diffusely atherosclerotic in the presence, at the middle and distal quadrants, of segments graded ≥3, which preclude cannulation or clamping [17] . The risk profile for each patient was calculated according to EuroSCORE II.
Postoperative diaphragmatic dysfunction (probably due to phrenic nerve injury) needing prolonged invasive ventilation was confirmed by sonography. Low cardiac output was defined as three consecutive cardiac index measurements <2.0 l/min/m 2 despite adequate preload, afterload and inotropic support, or intra-aortic balloon pumping. Postoperative acute kidney injury was defined as postoperative serum creatinine >2.0 mg/l in the patients without preoperative renal impairment, and postoperative increase in serum creatinine of at least 1.0 mg/l above baseline in the patients with preoperative renal impairment. The Centers for Disease Control and Prevention classification of the surgical site infections was adopted to define sternal wound infection [18] .
Surgery
Surgery was carried out via a median sternotomy either with cardiopulmonary bypass, with or without crossclamping the aorta, or with the off-pump technique. When a period of myocardial ischemia was used, myocardial protection was achieved either with multidose cold blood cardioplegia or with single-dose crystalloid solution (Custodiol HTK ® solution; Essential Pharma, Newtown, PA, USA), both delivered in an antegrade and retrograde mode. Off-pump and beating heart on-pump techniques were adopted only in the presence of a diffusely calcified ascending aorta to avoid the risk of cracking atherosclerotic plaques by the aortic cross-clamp [17] .
Both ITAs were harvested as skeletonized conduits with low intensity bipolar coagulation forceps, extending from the inferior border of the subclavian vein to the distal bifurcation. Both ITAs were used as in situ grafts whenever possible. In BITA patients, the right ITA was preferentially directed to the left anterior descending coronary artery and the left ITA to the posterolateral cardiac wall. In SITA patients, the left or (rarely) the right ITA was directed to the left anterior descending coronary artery. The anteaortic crossover right ITA bypass graft was protected by means of a pedicled thymus flap [19] . In both groups, additional coronary bypasses were performed with saphenous vein grafts. Sometimes, the ITA was taken down and used as a free graft either from the in situ contralateral ITA (Y-graft) or the proximal (aortic) end of a saphenous vein graft. The aortic anastomosis of every venous graft was performed during cross-clamping of the ascending aorta in on-pump technique and during aortic side clamping both in off-pump and in beating heart on-pump technique.
The standard single-loop sternal wiring technique was preferentially used as a sternal closure system until 2009. Since 2010, the Erdinc double-loop sternal wiring technique was adopted systematically [20] .
Follow-up
An up-to-date clinical follow-up was obtained by a telephonic interview with the patient or her/his family. The occurrence of at least one postoperative major adverse cardiac and cerebrovascular events (MACCEs)-defined as any of the following complications from hospital discharge to followup: sudden death, recurrent angina, myocardial infarction, congestive heart failure, percutaneous coronary intervention, reoperation and cerebrovascular accident-was recorded. For this study, follow-up was closed on September 1, 2014.
Approval to conduct the study was acquired from the hospital ethics committee, based on retrospective data Values are number of patients with percentages in brackets or mean ± SD with interquartile range in brackets BITA bilateral internal thoracic artery, BMI body mass index, EuroSCORE European System for Cardiac Operative Risk Evaluation, GFR glomerular filtration rate, IABP intra-aortic balloon pumping, LVEF left ventricular ejection fraction, PCI percutaneous coronary intervention, SD standard deviation, SITA single internal thoracic artery a See definitions b The creatinine clearance rate, calculated according to the Cockcroft-Gault formula, was used for approximating the GFR c BITA grafting has been used for three patients with a critical lesion both of the left anterior descending coronary artery and its developed diagonal branch; the surgeon judged dangerous to perform two sequential coronary anastomoses using only one internal thoracic artery d Ref. [13] 
Results
Preoperative patients' characteristics and risk profiles
Between BITA and SITA patients, there was no significant difference in the expected operative risk by EuroSCORE II (p = 0.65), although the prevalence of females and the rate of diffusely atherosclerotic ascending aorta were higher among SITA (p = 0.028) and BITA patients (p = 0.01), respectively (Table 1) .
Operative data
Between the two groups of patients, there was no significant difference in the mean number of coronary anastomoses (p = 0.74). Table 2 ).
Early (hospital) outcomes
Eight (3.5 %) hospital deaths occurred. Between BITA and SITA patients, there were no significant differences in both 30-day (2.2 vs. 3.2 %, p = 0.48) and hospital mortality (3 vs. 4.2 %, p = 0.44). Causes of death were multiorgan failure (n = 3), acute kidney injury (n = 1), stroke (n = 1), low cardiac output (n = 2) and sepsis (n = 1). Prolonged (>300 min) duration of surgery (odds ratio = 4.41, 95 % CI 1.06-18.4; p = 0.049) was the sole risk factor for hospital death according to univariable analysis (Table 3) . Neurological dysfunction, prolonged (>48 h) invasive ventilation, acute kidney injury and mediastinal re-exploration for bleeding or tamponade were most frequent major perioperative complications. There were no significant differences in perioperative complications between BITA and SITA patients; actually, only BITA patients suffered from sternal wound infection (p = 0.022) ( Table 4) .
Time-related survival
The follow-up was 100 % complete for the 222 remaining patients. A total of 1048.5 cumulative patient-years were reviewed. The mean follow-up was of 4.7 ± 3.3 years (range 0.1-13.8). Sixty-one cardiac or cerebrovascular deaths and 20 non-cardiac non-cerebrovascular deaths occurred. The causes of death were: stroke (n = 14), congestive heart failure (n = 33), myocardial infarction (n = 4), pulmonary embolism (n = 2), sudden death (n = 8), dementia (n = 1), malignancy (n = 5), pneumonia (n = 4), respiratory insufficiency (n = 3), chronic renal failure (n = 3), acute cholecystitis (n = 1), bowel occlusion (n = 1), gangrene of the leg (n = 1) and sepsis following abdominal surgery (n = 1). The 10-year nonparametric estimates of overall survival (including hospital mortality) Fig. 1a ). The 10-year nonparametric estimates of freedom from cardiac and cerebrovascular deaths (including hospital mortality) in BITA and SITA patients were 48.8 (95 % CI 32.5-65.1) and 54.9 % (95 % CI 39.8-69.9), respectively (p = 0.73; Fig. 1b) . Diabetes (p = 0.0062) and congestive heart failure (p = 0.0004) were predictors of death at follow-up; diabetes (p = 0.0034) and congestive heart failure (p = 0.0006) were predictors of cardiac and cerebrovascular deaths. According to the GrambschTherneau test [21] , the proportionality assumption holds true (Table 5) .
Functional status
During the follow-up, the Canadian Cardiovascular Society class was improved from 3 ± 1.2, preoperatively, to 1.1 ± 0.2 in BITA patients (p < 0.0001) and from 3.3 ± 1.1 to 1.1 ± 0.3 in SITA patients (p < 0.0001). There were no significant postoperative changes in the New York Heart Association class both in BITA (1.5 ± 0.9 to 1.6 ± 0.7, p = 0.6) and in SITA patients (1.4 ± 0.8 to 1.6 ± 0.6, p = 0.097). There were 85 (38.3 %) patients with at least one postoperative MACCE. Neither postoperative percutaneous coronary intervention nor reoperation was Fig. 2a ). Twenty-four (10.8 %) patients had at least one hospital readmission due to congestive heart failure. The 10-year nonparametric estimates of freedom from heart failure hospital readmission in BITA and SITA patients were 73.9 (95 % CI 58.1-89.8) and 75.1 % (95 % CI 57-93.1), respectively (p = 0.64; Fig. 2b ). 
Discussion
Deep sternal wound infection occurs in 1-4 % of patients after coronary bypass surgery performed via a median sternotomy and is a major source of physical, emotional and economic stress in cardiac surgery. The use of BITA grafting remains an independent risk factor for sternal complications, although skeletonizing the grafts has been proven useful in reducing the incidence mainly in diabetic patients, and advances in reconstructive surgery of the sternum and the extensive use of the vacuum-assisted closure therapy have improved results dramatically. Therefore, in order to minimize sternal complications, BITA grafts should be only used in selected patients without the well-known risk factors for sternal wound infection, such as older age, morbid obesity, diabetes on insulin, and severe chronic lung disease, renal impairment and peripheral vascular disease [22, 23] . Over the last decade, actually, several investigators have been advocating the use of BITA grafting for myocardial revascularization even in cohorts of high-risk patients [1-3, 9-12, 23, 24] . The benefits derived from the optimal late graft patency would improve late outcomes in patients with left ventricular dysfunction or strong comorbidities such as diabetes on insulin or renal failure in need of chronic dialysis [3, 23, 24] . However, the use of BITA grafting remains a controversial issue in the very elderly in whom concerns about increased risk of sternal complications and perioperative bleeding, and the need for longer duration of surgery still limit a more extensive use of BITA grafting. Indeed, most surgeons prudently prefer to avoid harvesting of both ITAs in the presence of the well-known predictors of sternal complications: diabetes, morbid obesity, chronic lung disease and peripheral vascular disease [9] [10] [11] [12] . Therefore, studies promoting benefits of BITA grafting arise necessarily from preselected cohorts of patients where most of geriatric patients have received SITA grafting [1] [2] [3] [9] [10] [11] [12] . To date, there are a few of studies in the literature that analyze outcomes of BITA grafting in the elderly [9] [10] [11] [12] [25] [26] [27] but no studies that analyze specifically outcomes of BITA grafting in octogenarians.
Since 1986, the present authors have been routinely performing BITA grafting at their institution. Since 1999, they have been prospectively recording all perioperative data for every patient in a computerized data registry (FileMaker Pro 12.0; FileMaker, Inc., Santa Clara, CA, USA), the rate of BITA use being increased from about 60 % in 1999 to over 80 % in the last 3 years. In the present study, the authors have reviewed retrospectively their experience in routine BITA grafting. The focus was placed on patients of 80 years of age or older. Every octogenarian with multivessel coronary artery disease needing left-sided myocardial revascularization was a potential candidate for BITA grafting. The sole exceptions have been the cases where one ITA has been previously used as coronary graft or when a rapid ischemic worsening of hemodynamics needed immediate institution of cardiopulmonary bypass. No surgeon adopted a different approach. The patients undergoing repeat or emergency surgery were excluded from the study. Early and late outcomes after BITA or SITA grafting were compared. The aims of the study were both to investigate whether early mortality and perioperative complications were increased after BITA grafting in octogenarians and to show any late benefits. The two groups of patients were comparable about preoperative characteristics and risk profiles, although the prevalence of feminine gender was higher in SITA group. On the other hand, the ascending aorta was found diffusely atherosclerotic more frequently in BITA patients. According to the present authors' institutional policy, offpump and beating heart on-pump techniques have been used rarely and only in the presence of an unclampable ascending aorta; thus, they were consistently more frequent in BITA patients. Duration of surgery was longer in BITA patients clearly due to the time needed for the second arterial graft harvesting and the final hemostasis. There were no significant differences both in hospital mortality and in prevalence of the causes of death between the two groups of patients. Prolonged duration of surgery was the sole risk factor for hospital death according to univariable analysis. No multivariable analysis was performed due to the limited number of hospital deaths. Despite the high prevalence of atherosclerotic disease of the ascending aorta in BITA group, there was only one case of permanent neurological dysfunction (stroke). Indeed, by minimizing the use of the ascending aorta as proximal site for coronary grafts, BITA grafting lowers aortic manipulation and enhances the use of surgical techniques that do not require aortic clamping [10] [11] [12] . Fortunately, diaphragmatic dysfunction needing prolonged invasive ventilation occurred in only four BITA patients and was a self-resolving complication; in one patient, the weaning from ventilator was achieved after tracheostomy. Between the two groups of patients, there were no significant differences in cardiac complications, acute kidney injury and perioperative bleeding (chest tube output, blood transfusion and mediastinal re-exploration). Sternal wound infection occurred only in BITA patients. Actually, among these patients, some recognized risk factors for sternal complications such as obesity, diabetes and extracardiac arteriopathy were more frequent than in SITA patients, even though differences were not significant. Overall, the rate of sternal complications was low. This was also due to the systematic adoption since 2010 of the Erdinc doubleloop sternal wiring technique. Indeed, by double-looping the wires, one can achieve an easy and firm approximation of the sternal edges with half the traction force by doubling the pulling length, just like the principle used in a set of pulleys. The possibility of wire snapping is reduced to half by doubling the carrying forces. The double bundle of steel wire exerts half the cutting pressure over the sternum because the thickness of the cutting surface is doubled [20] . There was no significant difference in the length of hospital stay.
During the follow-up, there were no significant differences between the two groups of patients both in overall survival and in freedom from cardiac and cerebrovascular deaths. Diabetes, chronic dialysis and congestive heart failure were predictors of decreased overall survival; diabetes and congestive heart failure were predictors of cardiac and cerebrovascular deaths as well. In both groups, there was a significant improvement in the Canadian Cardiovascular Society class but not in the New York Heart Association class. No patient underwent postoperative coronary angiography or reoperation. No significant differences occurred between BITA and SITA patients both in freedom from MACCEs and in heart failure hospital readmission.
The primary limitation of the present study was the retrospective nature of the analysis and the fact that only a relatively small number of patients were evaluated at different times after surgery. No propensity-matched analysis was made, although the comparison was performed between two groups of patients with comparable preoperative risk profiles. No comparison was made between skeletonized and pedicled ITA grafts, or off-and on-pump surgery. No neurocognitive assessments were performed. Neither titrations of the enzymes of myocardial necrosis nor postoperative echocardiographic results were reported. Neither postoperative coronary angiography nor reoperation was performed; consequently, there was no direct information about patency of coronary grafts. Finally, it was impossible in some patients to distinguish between cardiac and cerebrovascular deaths during the follow-up, and any late benefits derived from reduced perioperative aortic manipulation in BITA patients could thus not have been showed. The results obtained should be considered in no way conclusive and should be verified in larger patient populations by means of prospective controlled trials that include angiographic evaluations.
In conclusion, left-sided BITA grafting may be used routinely in the octogenarian. Hospital mortality and perioperative complications other than sternal wound infection are not increased. By reducing aortic manipulation, BITA grafting may broaden surgical options in the presence of an atherosclerotic disease of the ascending aorta. There are no demonstrable benefits in terms of late outcomes.
